Summary. Infrared thermography revealed characteristic abnormalities ia the emission patterns over the hands and feet of 16 young diabetics with or without manifest vascular complications. Infrared thermography seems to be a method well suited for fm'ther studies of circulation and metabolism in the hands and feet of diabetics.
Key-words:
Diabetes mellitus, infrared thermography, peripheral circulation, peripheral vascular disease, diabetic angiopathy, diabetic neuropathy, vasodillation.
Thermography records the infrared emission from a whole part of the body. It has been used for studying peripheral vascular diseases, mainly in order to evaluate its clinical usefulness (SKVERSKY et al., 1964; WINDSO~ and BEND~ZV, 1964) . Some diabetics with manifest vascular complications were included in the latter studies.
In the present investigation infrared thermography was used for studying a group of young diabetics with or without vascular complications, together with the action of a vasodflator.
Material and Methods
The series comprised 16 diabetics, 12 women and 4 men, 19 to 43 years of age averaging 28 years. The mean duration of disease was 13 years. Pertinent data are set out in Table 1 . The patients were all on insulin 
Infrared Thermography
The normal infrared emission from the body in the spectral region 2 --2 0 ,u was recorded with A G A Thermovision Equipment, which works on a scanning principle. The object is scanned b y a system of mirrors and prisms directing the emission to an indium antimonide detector cooled b y liquid nitrogen. The optical signal
Clinical Methods
All patients underwent a routine examination on admission to the hospital. The eyegrounds were examined in the Ophthalmiatrie Clinic, r e t i n o p a t h y being graded as follows: 0 = no changes; d-~ mieroaneurysms ; d-d-= mieroaneurysms and bleeding with or without exudate; d-~--~ = proliferative changes. Constant proteinuria without signs of infection (negative bacterial urine culture) was a t t r i b u t e d to diabetic nephropathy. Diabetic n e u r o p a t h y was Fig. 1 a and b . Emission patterns over hands and feet in a healthy volunteer with no signs of peripheral circulatory disturbances is transformed into an electronic impulse, which is amplified and modified to give a picture on an oscilloscope screen. This visible picture can then be photographed. A n isotherm can be set at various t e m p e r a t u r e levels and introduced in the infrared picture on the screen in order to obtain an objective measure of differences in emission levels. The measurements were taken in an air-conditioned room at 18--20~ after the subject had been resting for 15 to 20 minutes. Vasodilator action was studied b y recording thcrmograms before and 30 minutes after injecting isoxysuprenaline (Duvadilan | Ferrosan) intramuscularly in a dosage of 7 . 5 --l 0 rag. Fig. 2 . ttands of a 28 year old female with diabetes of 3 years duration, and feet of a 33 year old male with 13 years duration. Emission patterns in hands and feet before (a and e) and 30 minutes after (b and d) intramuscular administration of 7.5 mg isoxysuprenaline. Note tapered emission patterns over fingers and sharp transverse boundary over feet at metatarsophalangeal joints in a and e. After the injection the emission increased but pointed appearance persisted. The emission over toes was markedly increased diagnosed on at least two typical neurological signs (e.g. bilateral Achilles areflexia, diminished vibration sense). The skin t e m p e r a t u r e was measured on the toes after indirect heating according to BRATTGAaD e t a ] .
(1951) in the Clinical-Physiological Laboratory. Oseil-]ometry was performed on the lower limbs using l~ecklinghausen's oseillometer. A n y arterial calcifications in the legs were sought in plain radiograms. Skin biopsy specimens were taken from the dorsum of the foot and the wall thickness of capillaries and vennles was estimated according to SXVl~-SSDERBSaCI~ et al. (1967) .
Results
All the diabetics had emission p a t t e r n s over the feet which d e v i a t e d from those of h e a l t h y subjects ( B R A~-~iaRx, unpublished observations) of similar age (Fig.  l a, b) . The emission over the toes and metatarsophalangeal regions was distinctly decreased and gave a sharp transverse b o u n d a r y which became more a c c e n t u a t e d when isotherms were introduced (Fig. 2 c) . Sometimes the emission from the great toe was almost normal b u t reduced from the lateral toes. On each toe a t a p e r e d p a t t e r n arose.
Little or no reduction of the emission was shown over the dorsum of the foot and tibia. Only slight differences could be seen between the left and right foot. A s y m m e t r i c p a t t e r n s were recorded from the only diabetic with local gangrene (Fig. 3a, b, c; ef. Fig. ~) .
The emission over the fingers was in most cases reduced and there were usually conspicuous pointed or t a p e r e d emission p a t t e r n s over each finger (Fig. 2a) . Occasionally the emission over the t h u m b was so reduced as to give a transverse b o u n d a r y (compare foot). The t h e r m o g r a p h i e emission abnormalities over the h a n d were less pronounced and less extensive t h a n those over the feet.
The vasodilator increased the emission over the feet in all diabetics. This was p a r t i c u l a r l y true over the great toe, b u t in m a n y cases the emission was increased over the other toes as well (Fig. 2 d) . The emission over the hands was i n v a r i a b l y increased, sometimes resulting in a normal emission p a t t e r n , and in those cases with t a p e r e d p a t t e r n over the fingers it became more n o r m a l l y r o u n d e d (Fig. 2b) . The vasodilator occasionally increased the pulse rate slightly. No changes in blood pressure or flush reactions were noted; the p a t i e n t s had no subjective discomforts. temperature measurements and/or manifest vascular complications, e.g. retinopathy or dermal microangiopathy.
Discussion
I n f r a r e d t h e r m o g r a p h y revealed t h a t all the 16 diabetics had abnormalities in the emission p a t t e r n s from feet and hands. The emission was reduced over the toes and m e t a t a r s a l regions, resulting in a characteristic pattern. The changes over the hands were less pronounced and c o m p a r a t i v e l y less extensive, the emission being reduced p a r t i c u l a r l y from the fingers. This gave rise to a t y p i c a l t a p e r e d pattern. H e a l t h y subjects had stronger emission over the tips of the toes and fingers t h a n over the dorsi of feet and hands, whereas in diabetics the situation was reversed.
The series included some diabetics with diabetes of short d u r a t i o n and no other clinically manifest abnormalities. Interestingly, these patients too, exhibited emission reductions of the same degree as diabetics with pathological readings at conventional skin 
Diabetologia
The infrared emission from the skin bears a direct relationship to the surface t e m p e r a t u r e (cited from LnOYD-WrLLIAMS et al., 1960) which under resting t o r y and metabolic conditions in hands and feet with the aid of infrared t h e r m o g r a p h y .
Our investigation d e m o n s t r a t e d t h a t t h e r m o g r a p h y yields a good idea of the e x t e n t of the cool regions in diabetics, and it turned out that after administration of a vasodilator temperature elevations were recorded which occasionally approached normal levels. Thermography has the advantage that the recording is carried out by an instrument not in contact with the skin. conditions is t h o u g h t mainly to reflect the blood flow of the underlying tissues in hands and feet (SKvEnsKu et al., 1964) . If this applies to diabetics as well is not clear, and at our present state of knowledge it is only possible to obtain general information on the circula-
